Keywords: osteoporosis bone mineral density bone turnover markers monitoring Over the past two decades, major advances have been made in the number and range of agents available for the treatment of osteoporosis, all with proven anti-fracture efficacy. Unfortunately, compliance with these treatments is not optimal, and a number of patients could be considered as non-responders. Consequently, monitoring anti-osteoporotic therapy could be part of successful osteoporosis management. Currently, no formal well-accepted clinical practice guidelines are available for monitoring antiosteoporosis therapies. Changes in bone mineral density and bone turnover markers, while on therapy, have potential value in monitoring treatment but their assessment and, consequently, their benefits could be limited by metrological and clinical issues. Moreover, their effectiveness is probably drug dependant. Recommendation for the standardisation of the methodology when analysing the potential relevance of tools for the monitoring of osteoporosis therapy is needed.
Introduction
Osteoporosis is a major health problem worldwide. It is defined as a disease characterised by low bone mass and micro-architectural deterioration of bone tissue, leading to enhanced bone fragility and consequent increase in fracture risk. Technological developments for the measurement of bone mineral density (BMD) have led to diagnostic criteria that are widely applied. The World Health Organization diagnostic criterion for osteoporosis is a BMD measurement equal to or more than 2.5 standard deviations below the young female reference mean (T-score À2.5 standard deviation) [1] . In addition, there have been major advances in the number and range of agents available for treatment, all with proven anti-fracture efficacy [2] . These agents have differing modes of action in protecting against fracture, and this needs to be taken into account when developing monitoring strategies. Important gaps in the clinical management of osteoporosis include the identification of individuals who would best benefit from intervention and, for those on treatment, the optimal manner in which response to treatment should be monitored.
The goal of pharmacological therapy is to reduce fracture risk by increasing bone strength. The ideal method of evaluating success with drug therapy would be to compare pre-treatment fracture risk with post-treatment fracture risk, or directly to measure changes in bone strength. For individual patients in clinical practice, we must rely on surrogate markers (biomarkers) that are correlated with bone strength and fracture risk. A working group of the National Institutes of Health defined biomarker as "a characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention," with applications that include "use for prediction and monitoring of clinical response to an intervention" [3] . It has been proposed that an acceptable biomarker for osteoporosis therapy should meet established standards for accuracy, precision, and reliability, with well-defined quality control procedures, standardized data acquisition, and methods for analysis, and show (a) biological plausibility, (b) a significant association between the biomarker and fracture in the target non treated population, (c) consistent biomarker changes in response to treatment, and (d) that changes in biomarker predict the fracture reduction on treatment [4] . Moreover, another requirement is that if the biomarker indicates a lack of response, appropriate changes in management can be made by the health care prescriber and, in the case of poor adherence to treatment, patient behaviour can be modified [5] . At last, in a world with limited healthcare resources, monitoring should also be cost-effective [5] .
Even though anti-osteoporosis treatment can be associated with a decrease in the incidence of vertebral and non-vertebral fractures, development of a new fracture does not necessarily represent failure of therapy. Indeed, at best, pharmacological agents reduce fracture rates by 30e70% [2] . Therefore, an efficient monitoring of osteoporosis therapy could help to determine the effectiveness of a treatment strategy and guide management decisions.
Tools to monitor osteoporosis therapy
The most widely used tools to monitor osteoporosis therapy in clinical practice are Dual X-ray Absorptiometry (DXA) and Bone Turnover Markers (BTMs). Consequently, the next sections will present a critical review of the evidence supporting the use of BMD and BTMs to monitor treatment effect as well as their clinical applications. However, it should be acknowledged that other tools have been developed to assess properties of bone [6, 7] . Quantitative ultrasound measures the speed of sound and broadband ultrasound attenuation at peripheral skeletal sites, but there is no clear evidence that these parameters are clinically useful in monitoring therapy. Quantitative Computed Tomography (QCT) and peripheral QCT measure volumetric BMD in trabecular and cortical bone, but could hardly be recommended as a monitoring tool in clinical practice because it is more expensive, less widely available, and exposes the patient to a higher dose of ionizing radiation than DXA. Finite element analysis has not been validated as an outcome measure in clinical trials and cannot be recommended as a monitoring tool. At last, high resolution magnetic resonance imaging and high resolution peripheral QCT at peripheral skeletal sites measure trabecular microarchitecture but are not validated tools to measure treatment effect.
BMD by DXA
Several national and international guidelines, including the International Society for Clinical Densitometry (ISCD), recommend BMD measurements for the routine monitoring of treatment. In particular, the ISCD states [8] that (a) Serial BMD testing can monitor response to therapy by finding an increase or stability of bone density; (b) Serial BMD testing can evaluate individuals for non-response by finding loss of bone density, suggesting the need for re-evaluation of treatment and evaluation for secondary causes of osteoporosis; (c) Follow-up BMD testing should be done when the expected change in BMD equals or exceeds the least significant change (LSC); (d) Intervals between BMD testing should be determined according to each patient's clinical status: typically one year after initiation or change of therapy is appropriate, with longer intervals once therapeutic effect is established. These statements reemphasize the fact that the use of BMD measurement as a tool to monitor osteoporosis treatment raises both metrological and clinical issues.
Metrological issues
Accurate detection of BMD changes during treatment requires that the change is greater than the precision error of the measurement. Reproducibility is far better for BMD measurement than for most laboratory tests. Reproducibility is usually 1e2% at the spine and 2e3% at the hip. However, these data obtained under highly controlled conditions may not apply to everyday clinical practice. Many factors could affect the accuracy of BMD testing, including inter-machine variance as well as the experience of the operator. Therefore, any repeat DXA scan should ideally be performed with the same machine [9] . Because all testing methods have variations in successive measurements due to random fluctuations, a statistically significant change in BMD must exceed the expected test-to-test variation. In clinical practice, the method most widely used to categorise changes in BMD during therapy is to estimate the LSC, derived from the standard deviation of the precision error of the measurement. With a confidence interval of 95%, the LSC is calculated as 2.77*CV (Coefficient of variation). When serial measurements are obtained in a patient, only changes greater than the LSC can be ascribed to treatment effects [8, 10] . Smaller changes may be related to measurement error.
The utility of BMD testing to monitor therapy was questioned almost a decade ago when the concept of ''regression to the mean'' was raised [11] . Regression toward the mean is a statistical phenomenon in which values obtained over time tend to move closer to the mean, as compared to initial values. For instance, within a patient population, those individuals with the largest BMD gains after 1 year will tend to have the smallest gains after 2 years, and vice versa. However, the use of the LSC shows that these individual variations are related to fluctuations in measurement error rather than to genuine biological variations [12] . Consequently, although this concept has relevance at a population level, it was subsequently refuted as misleading and irrelevant to the clinical management of individual patients [13, 14] .
Clinical issues
Although increases in BMD resulting from various pharmacological treatments differ widely, reported reductions in vertebral fracture risk are rather similar [2] . Studies exploring the association between BMD changes and fracture reduction have been mainly conducted with antiresorptive agents. However, they provide contradictory results [15e22] that are mainly dependant on the drug used. Anyway, even if some associations have been observed between an increase in BMD and a reduced fracture risk [2, 14, 15] , the relationship is probably not linear. Indeed, fracture risk decreases soon after the beginning of the therapy and can precede a measurable improvement in BMD [23, 24] . Some studies have shown that fracture risk can decrease with no change in BMD [25] and even despite a slight decrease in BMD [26, 27] .
The predictive value of BMD changes for fracture risk reduction is still debated for antiresorptive agents and, at this time, there is limited evidence that BMD is a reliable indicator of fracture risk reduction with antiresorptive agents. Data suggest however that the correlation between changes in BMD and fracture incidence could be stronger with other agents [28e30]. For example, we have shown a strong association between changes in total hip or femoral neck BMD, but not spine BMD, and vertebral fracture incidence in patients treated with strontium ranelate [28, 30] . For each 1% increase in femoral neck BMD, the relative risk of new vertebral fracture decreased by 3% (1%e5%) and for each 0.010 g/cm 2 increase in femoral neck BMD, the risk to experiencing a new vertebral fracture was reduced by 6% (3%e10%). All these results suggest that the interest in assessing BMD changes as a way of monitoring osteoporosis therapy could be drug dependant. However, it should be acknowledged that the costeffectiveness of monitoring osteoporosis treatment using repeated BMD measurements has not been formally assessed.
BTMs
In contrast to BMD, which typically changes in response to therapy less than 2e5% per year, or a maximum of 3% in 3e6 months, most of osteoporosis therapies act by reducing or increasing individual BTM levels or their ratios by 30e200% within 3e6 months [31] . However, as for BMD, the use of BTM measurement as a tool for monitoring osteoporosis treatment raises both metrological and clinical issues.
Metrological issues
The use of biochemical markers for monitoring osteoporosis therapy in clinical practice is limited by their pre-analytical and analytical variability [32] . Pre-analytical variability is particularly important and includes both modifiable factors (e.g. time of day (i.e. circadian variability), fasting status and exercise) and non-modifiable factors (e.g. age, sex, menopausal status, fractures, pregnancy, lactation, immobility, co-morbidities such as thyroid disease, diabetes mellitus, impaired renal function, liver disease, and drugs such as glucocorticoids, anticonvulsants, heparin, gonadotropin hormone releasing agonists) [33] . Analytical variability is effected by processing of the specimen (e.g. collection, handling, and storage). The impact of pre-analytical and analytical variability may be different according to both the type of BTM and type of assay used. It is important to note that the absence of uniform standardisation still is a concern and makes it difficult to compare values obtained by different methods in different laboratories [34] . This is why all measurements for one individual should be done in the same laboratory.
As for BMD, at the individual level, in order to be confident that a change in a BTM value has actually occurred, the change in measured value must exceed the LSC (i.e. 2.77 Â CV). One method to reduce the LSC and, consequently, to improve confidence is to undertake several baseline estimates and to use the mean value but this is impracticable in everyday clinical practice. However, in clinical practice, a one sided rather than two-sided probability of 0.05 is appropriate since the direction of change is known and the LSC would be 2.33 Â CV [35] .
Clinical issues
Changes in BTMs with treatment are associated with changes in BMD, both for antiresorptive therapy [36] and for anabolic therapy [37] . A systematic review published in 2011 and limited to postmenopausal osteoporosis and marketed therapies, analysed the correlations between short-term BTM changes and fracture risk reduction or BMD variation [38] . The authors showed that most of the studies found correlations between serum BTM and BMD changes under antiresorptive therapies, although inconsistently between drugs. However, as previously discussed the changes in BMD with therapy are not closely related to the fracture risk reduction, particularly with antiresorptive therapy.
Several studies have described the relationship between the reduction in BTMs following antiresorptive therapy and the reduction in vertebral and non-vertebral fracture risk [35] . These studies showed in general that the larger the decrease in BTM, the larger the reduction in fracture risk. The 2011 systematic review also assessed the associations between short-term BTM changes and fracture risk reduction [38] . It was shown that there was more evidence for the prediction of fracture risk reduction with bone formation serum BTM including PINP than with serum CTX but with high heterogeneity between trials. Another review also showed inconsistence between the changes in BTM and fracture risk reduction with different treatments [35] . At least, short term changes in BTM only explain part of the fracture risk reduction observed with anti-osteoporotic treatment.
Indeed, the percent of treatment effect explained was only calculated for few studies, and ranged from 0 to 77% [22,39e41] . Once again, this could be dependent on the treatment but also on the BTM used.
All individual studies analysed in these reviews have some limitations. Few have used the LSC value cut-off. Sometimes, only part of the study population had a BTM assessment and ways to improve preanalytical variability was not optimal (e.g. non-fasting sampling or first morning urine).
As BMD with DXA, BTMs have potential value in monitoring treatment even if they could be drug dependant. Anyway, more studies are required before clear clinical practice recommendations can be made.
Discussion
Some elements deserve further discussion:
-Impact of the monitoring on compliance with the treatment. Poor compliance and little persistence with osteoporosis treatments are common and associated with reduced anti-fracture efficacy [42] . Indeed, most patients discontinue anti-osteoporosis medications after a few months because of administration constraints, side effects, or lack of interest. Even if BMD cannot reliably predict treatment response within an appropriate time frame, it could be argued that regular measurements provide reassurance and improve motivation to persist with treatment. However, there is no evidence that BMD monitoring improves adherence to therapy. Using BTM, some studies, but not all, have suggested that repeated measurements of some BTMs could slightly improve adherence or persistence to treatment but this statement has to be further investigated [43e46]. -Clinical trial data vs real world data. Patients in clinical trials are different from patients treated in the ''real world.'' In an original study, it was shown that, in the best case scenario, 80% of patients being treated in their practice would have been excluded from participation in one of the trials, whereas in the worst case scenario, 97% would have been excluded from another [47] . -Monitoring as an incentive to begin a discussion between patient and physician. It has been hypothesized that a significant decrease in BMD or too small changes in BTM would alert the physician to assess issues that could influence the treatment of osteoporosis (e.g. compliance with treatment, secondary causes of osteoporosis) [48] . However, it is argued that most physicians can address these issues without using medical resources or repeating DXA [49] . -Non-responder patients. In patients who apparently fail to respond to treatment [50] , there is no evidence that other therapies could be successful.
Summary
Monitoring anti-osteoporotic therapy, with the objective to detect non-compliant or non-responder patients, is part of a successful osteoporosis management. Currently, there are no formal well-accepted clinical practice guidelines for the monitoring of anti-osteoporosis therapies. In epidemiological or clinical studies of patients receiving a treatment against their osteoporosis, changes in BMD or BTM have generally been associated with a decreased fracture risk but this effect is largely drug dependant. In clinical practice, their use for the monitoring of osteoporosis therapy could be limited by metrological and clinical issues. More researches must be performed before clear practical recommendations for the monitoring of anti-osteoporosis medication can be made.
Practice points
Monitoring the efficacy associated with anti-osteoporotic drugs is part of a successful osteoporosis management Monitoring may help to identify poor-compliant patients or non-responder patients Formal well-accepted clinical practice guidelines for the monitoring of anti-osteoporosis therapies do not exist Bone mineral density and bone turnover markers have potential value in monitoring treatment but their effectiveness are probably drug dependant
Research agenda
Alternative approaches to bone mineral density and bone turnover markers in the monitoring of anti-osteoporotic therapy need be investigated. From a health-economics point of view, restricting monitoring to the high-risk population of poor compliance or non-response should be investigated. However, these high-risk populations should first be identified. Since variability of the bone turnover markers is a substantial limitation in their use in clinical practice, every ways to decrease the variability (i.e. use of new techniques, better standardisation, development of new markers) could have an impact. Recommendation for the standardisation of the methodology when analysing the potential benefits of tools for the monitoring of osteoporosis therapy do not exist and would be more than welcome.
